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論 文 内 容 要 旨          
Advances in photonics have been an intense subject of research since around the mid 1980's. More 
than three decades have past, and photonic transmission is now widespread in multi-km distance 
telecommunications. Later, Si nanophotonics has received much attention after the telecommunication 
economy bubble burst at the beginning of the 21st century. Presently, it is mature and ready to be deployed 
in real industry applications, to extend the life of Moore's law in very-large-scale integrations of 
microelectronics. Nevertheless, the lack of certain physical properties such as Pockels effect or 
second-harmonic generation in Si has hindered many applications of the Si nanophotonic devices. Recently, 
hybrid III-V/Si nanophotonics have received many attentions from research community as it is hoped to 
compensate the lack of the aforementioned properties in Si. Many hybrid platforms such as LiNbO3/Si and 
InP/Si have been investigated extensively. To the author's knowledge, there has been no report on a hybrid 
platform of GaN and Si. 
It is the objective of this study to establish the hybrid GaN/Si platform and to demonstrate some 
meaningful devices and applications. Despite most of prior researches in the III-V/Si nanophotonics being 
concentrated on the optical data transmission, it is in great hope that the hybrid GaN/Si platform will not 
only offer the same functionalities like other platforms but also offer other applications such as sensing and 
MEMS. Hybrid GaN/Si microring resonators (HMR) is the central focus of this study. To this end, 
development of the fabrication processes was first carried out. Micro-electro-mechanical systems (MEMS) 










Si-on-insulator wafers. Prior to the transfer, Si nanophotonic devices could be fabricated beneath the GaN 
layer. After the transfer, GaN nanophotonic devices were fabricated precisely on top of the Si nanophotonic 
circuits. The precisely alignment achieved in this work led to the vertical coupling between the two devices. 
The fabricated HMR was tested afterwards. High loaded quality factor of 40000 (70000, intrinsic) for 
quasi-transverseelectric guided mode was achieved. Theoretical model was derived in order to extract the 
scattering loss of 5-6 dB/cm in the GaN microring.  
A simple electro-optic tuning study was carried out on a HMR integrated with a pair of Si electrodes. 
For ease of fabrication, the Si electrodes were used for the current stage of research in order to first observe 
the Pockels effect in the GaN microring. The Si electrodes was also used because it could reduce the 
absorption loss that occur in metal electrodes when placed very close to the HMR. The basic testing yielded a 
maximum modulation depth of 9 dB. However, slow time-domain response persisted due to high RC time 
constant caused by high resistance of Si electrodes. The second type of HMR was later developed. The HMR 
was integrated with a pair of Cr/Au metal electrodes in order to minimize the RC time constant. 
Electro-optic modulation was studied using the device. The modulated optical waveforms was captured, and 
the peak-peak modulation amplitude was observed so as to gauge the speed of the electro-optic modulator. It 
was found that the modulation frequency of more than 1 MHz was possible. However, modulation at higher 
frequencies could not be carried out due to bandwidth limitation of voltage amplifier used to generate the 
input electrical signals. Improvements on the electro-optic modulation experiments are currently underway. 
To go beyond the realm of on-chip optical data transmission, another study on alloptical guided 
resonance tuning was studied. It was initially found that the GaN structure fabricated by plasma etching 
possessed a thin layer of defects that could be used to trap free charge carriers. Photoluminescence of the 
GaN excited by 325 nm ultraviolet (UV) revealed disappearance of the edge emission of GaN. However, 
selective absorption spectrum, measured by ellipsometer, existed in the etched GaN structure. The GaN 
microring absorbed UV energy above 3.4 eV but was practically visible-blind for lower photon energy. This 
indicated the edge absorption of the GaN due to its band gap. Investigations by experiment, theoretical 
model, and simulation pointed to the fact that there was a non-radiatively recombination of injected hot 
electrons in the structure. By optical injection, the temperature of the HMR increased in the order of 1 °C, 
which is enough to cause high modulation of 12 dB of 1560 nm telecommunication wavelength launched into 
the sensitive HMR. Such experiments might motivate new interests in all-optical sensing of UV radiation. 
Since on-chip optical interconnect is expected to be used in future microchips, the study of directly 
manipulating the optical pulsed travelling on-chip could be an interesting subject.  
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Lastly, another study on the optical signal propagation in Si waveguide was carried out. It was found 
that group velocity enhancement could occur in a one-dimensional photonic crystal nanowire (PCN). Here, 
the waveguide was designed to work in the transition regime situated between the slow light region and the 
long-wavelength region. Propagation of slow light near photonic band edge has been intensively studied in 
the past. However, it was found that faster pulse propagation can be achieved in the transition region, due to 
photonic band being pulled towards the band edge. The velocity of optical pulse in single-mode operation 
regime of a PCN of a thickness and a width of 260 nm and 396 nm, respectively, was higher by around 80% 
than typical rectangular strip silicon waveguide of the same width and thickness. More importantly, the 
optical pulse velocity in the PCN was also faster than all single-mode Si strip waveguide of all widths at the 
same thickness. Theoretical analysis revealed that the low group index in the PCN was caused by the 
interplay between lowering the effective index and the additional 'band-bending' term, (dneff /d), in the 
group index expression: ng = neff +(dneff /d). 
In conclusion, extensive studies on nanophotonic microring resonator made up of GaN and Si was 
investigated. In order to achieve this, a novel hybrid GaN/Si platform was developed. The platform together 
with the developed fabrication processed allowed one to independently fabricate nanophotonic devices in Si 
waveguide circuits and GaN ones. The two kind of circuits interacted via vertical coupling. Good 
transmission characteristic in the HMR with 17 dB resonance dip was achieved. The HMR could operate 
over C-/L telecommunication bands. Electro-optic tuning was investigated. Up to 9 dB extinction was 
achieved at maximum applied voltage. Pockels effect was thought to be the underlying dominant 
mechanism of tuning. All-optical tuning induced by non-radiatively trapped injected hot electrons was 
investigated with up to 12 dB extinction. Theoretical models were developed to explain all the discussed 
phenomena, and they seemed to agree with the experimental evidences. In addition, a band-pulling effect in 
PCN was investigated in order to expedite optical pulsed in Si waveguide circuits. It is hoped that the 
GaN/Si platform would spur researchers to further investigate non-linear optic phenomena and also to apply 
the all-round platform for further complex nanophotonic systems. 
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